In this research, initially after preparing γ-alumina and Fe(III) doped γ-alumina prepared by the sol-gel method, the initial calcination of the sols was carried out for 3 h at 300 o C and the obtained pulverized solid crystals were added into two sol-gel containers consisting of titanium tetra iso-propoxide (TTiP) and Fe(III) doped TTiP . After homogenization, the new sol was for 24 h and calcinated for 4 h at 600 o C. After the process of washing and purification, the core-shells were prepared and characterized. The photocatalytic properties were compared to those of the pure TiO 2 , which had been prepared by the sol-gel method. Some of the properties of these new synthesized particles include increased effective surface area of TiO 2 intake feed, increased activity of photocatalytic properties in terms of the alkaline pH, and enhanced strength of the core shell particles in the process of mechanical separation during the reactivation steps up to 10 times of recovery. Photocatalytic activity was examined by degradation of methylen blue. Doping Fe (III) in the core of γ-alumina, increased the mechanical stability while doping Fe (III) in the TiO 2 shell decreased the time of degradation and increased the stability of the catalyst in an alkaline solution to a pH of about 12.
INTRODUCTION
Core-shell composite construction of TiO 2 /Al 2 O 3 has been highly regarded by researchers in recent years. The alumina core was coated with titanium dioxide in the photocatalytic industry by this technique in order to increase the mechanical strength of the composite and enhancing the productivity by reducing catalyst consumption 1, 2, 3, 4, 5, 6 .
This core-shell structure demonstrates high resistance to thermal shock, high chemical resistance, low electrical and thermal conductivities, high heat capacity and many other desirable properties 1, 3, 4, 5, 7, 8, 9, 10, 11 .
Doped metal ions in the core or shell can change physical and chemical properties in the final core shell composite 7, 9, 10, 11, 12 . γ-Al 2 O 3 and TiO 2 have been produced by various methods, such as sol-gel, co-precipitation, and hydrothermal treatment. Doping metals can play important roles in the structural properties of the composite, especially in the porous structure 8, 12, 13, 14, 15, 16, 17 .
In the previous investigation team, we considered the sol-gel method to produce gamma alumina, but instead of full calcination, gamma alumina nanoparticles were dried at a temperature of 300 o C and then grinded. Alumina powder was added as a core to the titanium tetra iso-propoxide sol-gel. The new sol-gel was uniformed by a homogenizer and heated in two steps: first by applying thermal shock at 350 ο C for 20 min. and then by calcinating at 500 ο C for 5 h to prepare the TiO 2 / γ-Al 2 O 3 core shell 13, 15, 18 .
In the later stages the core shell composites of Fe/TiO 2 /γ-Al 2 O 3 and TiO 2 //Fe/γ-Al 2 O 3 were prepared by separately adding iron ions as a dopant into the alumina and titanium sol-gel alumina and titanium,. The structure and morphology of each core-shell structure and photocatalytic activity were studied.
METHODS

Materials
Materials used in this research were titanium tetra-isopropoxide (TTiP), 95%, Aluminum Nitrate 9H 2 O 99.5%, Ammonium Bicarbonate 99%, 1-Hexadecanaminium, N,N,N-tri methyl bromide 99%, Absolute Ethanol, Nitric Acid 65 %, Ferric Nitrate 99%, Methylen Blue (MB) , and Hydroxypropyl Cellulose (HPC), 99% which were purchased from Merck Chemical country.
Preparation of nanocomposites
All used nanocomposite powders in this study were prepared using sol-gel process according to the following procedure. 
Preparation of
Photocatalysis activity
To examine the activity of photo catalysts, degradation of MB solution under ultraviolet radiation (two 8W, UV-C Osram lamps Osram lamp) was measured. Some parameters such as catalyst weight, pH and concentration of the pollutant were considered in order to check and compare the photo catalyst activity; then efficient conditions were obtained for each catalyst.
Photocatalyst weight
Initially in stable conditions, 50 ml of the solution containing a concentration of 5 ppm MB with a pH~7 was prepared and the amounts of 0.02, 0.06, and 0.08 g of each prepared catalysts were added to the reaction media, separately. In specific times the concentration of the catalyst was selected at this level. Pollutant was measured by the UV-Vis spectrophotometer (Cary UV-Vis 100) and the most effective weight of the catalyst was selected at this level.
pH
Optimum amounts of each catalyst were added to 50 ml of the MB solution in three containers with the pH of 2, 4, 7, 9, and 12 separately. The alteration of the concentration of pollutants versus time was analyzed by the UV-Vis spectrophotometer. Based on this method, each catalyst showed its own unique performance in various pH levels.
Concentration of pollutant
After specifying the suitable weight and pH for each catalyst, we investigated the degradation power of the catalysts. In the optimum condition of weight and pH, for each catalyst, the rate of the degradation of MB in several concentrations was monitored by the UV-Vis spectrophotometer.
Multiple reaction monitoring liquid chromatography mass spectrometer (MRM LC-MS) of pollutant
MRM LC-MS is a targeted Liquid chromatography and mass spectrometer approach that has been used to confirm the reduction and degradation of MB.
RESULTS AND DISCUSSION
Characterization of the photocatalysts XRD
The XRD results were carried out to identify the samples with a SCIFERT-3003 PTS X-ray diffractometer with CuKα radiation from 20 to 70 (2θ) at room temperature. The results included phase analysis, crystallite size, and the major's peaks analyzed and presented in Table 1 . Based on the XRD results in Fig. 1 , g-alumina and TiO 2 were prepared with good quality. In the TA composite in which γ-alumina had been integratedly covered by layering TiO 2 , the prominent peaks of g-alumina and TiO 2 were clearly visible and recognizable. The low concentration of iron ions in the FTA and TFA composites and overlapping of Iron peaks with TiO 2 peaks led to subtle changes in the XRD pattern of γ-alumina and TiO 2 . So they could hardly have a trace in the XRD pattern. That is why elemental analysis (EDAX) was performed to confirm the presence of iron ions. Table 1 shows the quantitative analysis of Al, Ti, O and Fe as elements on these nano composites. As the results of elemental analysis reveals the weight of Al in the core was lower than the weight of titanium oxide on the shell, which represented the small nucleation of γ-alumina in the process of the construction of core-shell composites of TA, FTA and TFA. On the other hand, the presence of iron ion dopants in the structure of ã-alumina and TiO 2 was confirmed.
Elemental analysis (EDAX)
Transmission electron microscopy (TEM)
The nanostructure of the samples was observed by TEM (EM 208, Philips); the results are shown in Fig. 2 . As the results reveal, the formation of the composite core shell leads to an increase in the size of spherical particles in uniform distribution of the composite. The average particle size obtained by the TEM is presented in Table 1 .
Field emission scanning electron microscopy (FE-SEM)
Surface morphology and particle size of the synthesized nanophotocatalyst were characterized by FE-SEM (model Zeiss). The results are presented in Fig. 3 and table1 . According to these results, particle size was increased by Table 1 .
FTIR
FT-IR spectra of the A, T, TA, FTA and TFA nanocomposite are shown in Fig. 4 in the wave range number of 4000 to 400 cm -1 by Thermo Nikolet Nexus 870 FTIR Spectrometer. This Fig also  presents the re-appearance bending and stretching frequency for each bond.
Photocatalytic activities of photocatalysts
Photocatalytic activity of T, TA, FTA, TFA nano photocatalyst for the degradation of MB solution at λ=664 nm under UV irradiation was investigated. The concentration of MB solutions was detected by a UV-Vis spectrometer. The degradation time of all catalysts was presented at five pH values (2, 4, 7, 9 and 12). The total degradation time for all experiments was confirmed by MRM LC-MS (Agilent model) and TOC analysis.
Based on the results obtained from the decolorization and degradation process at different pH levels, the catalysts T, TA, and TFA which had TiO 2 shells, had much better activities in acidic conditions. In the neutral media, the TA catalyst showed a better performance as compared to T. The important fact to consider in this analysis was the deactivation of the catalysts T, TA and to a less extent TFA, in the alkaline media. FTA catalysts demonstrated high performance levels in the alkaline media; other catalysts which had a TiO 2 shell could not show any prominent performance in these conditions. From the beginning to the final degradation step, the samples were analyzed by the UV-Vis spectrophotometer and measured in 10 min. intervals to the decolorization step. In the process of decolorization, the absorption levels of the sample were decreased in the visible region of 664 nm. This was a sign of the degradation and breakage of the molecule and disconnection of the resonance pathways of the electron π in the structure of MB. Consequently the UV absorption spectrum at the 250 − 290 nm range began to grow which was due to the presence of the pieces of aromatic rings. These pieces of aromatic rings were the results of the breakage within the MB structure. The UV irradiation process resulted in the decreased absorption to a point where absorption was zero. This could be considered as the final degradation point and a TOC was prepared from the sample at this point. The affirmation of degradation time was based on TOC results, presented in Figure 5 .
In order to check the decolorization and degradation process we could consider the concentration of the MB sample in 3 time sequences including the initial step, the decolorization step (removal of the absorbed bond at the visible spectrum of 664 nm), and the final degradation step (removal of the absorption at the UV range of 250-290 nm) by MRM LC MS. As shown in Fig. 6 , we reviewed the concentration and the criteria peaks of MB were monitored at the LC chromatogram in the retention time of 9.3 and in MS at the peaks of 252 and 268. The diminution trend and the removal of MB were considered and the TOC and UV-Vis results were confirmed. According to the results brought in Table 1 , this decreasing trend under the peak of the LC chromatogram and at the peak of MS could be clearly seen 20 .
The recyclability test (under UV-light for 120 min. the concentration of MB 10 ppm)
All photocatalysts (T, TA, FTA and TFA) could be recyclable for the photodegradation of the MB aqueous solution under UV irradiation. The catalyst, after being used, could be recyclabe by 3 methods; in the first method, pickling was done in 0.1 N of the HCl solution for 30 min. and filtered. Then it was allowed to get dried in the air and heat, treated for 12 h at 120 o C, to remove the volatile compounds. In the second method, alkaline was etched in 0.1 N of the NaOH solution for 30 min. and filtered, and then it was allowed to get dried in the air and heat, treated for 12 h at 120 o C. In the third method, it was calcinated in a furnace at 500 o C for 4 h. After comparing the results, FTA was found to have high recyclability in the thermal recovery condition. 
CONCULSION
Based on the obtained results we can review the achievements of this research on several subjects.
Considering that the photocatalytic reaction of TiO 2 occurs on a surface, the amount of catalyst usage drastically decreases by layering TiO 2 with a stratified thickness of 10 nm in the presence of the TA catalyst compared to the T catalyst.
The method of processing in core-shell catalysts was based on the incomplete calcination of γ-alumina in the initial stage followed by layering TTiP on the catalyst in a sol-gel media as the second stage and a final calcination process. The 3 phases were layered on top of each other. γ-alumina was the central core and the layers consist of Al 2, TiO 5 in the middle layer and TiO 2 as the outer layer (shell) which was formed in the anatase phase. These 3 layers had a very strong mechanical resistance and had not undergone any deformity in strenuous, acidic, alkalin and thermal conditions; other particles had nearly kept their equality.
The doping procedure of iron in the outer layer causes an increase in the performance of the catalyst in alkaline media and when T, TA, and TFA catalysts reach their minimum performance levels, the FTA catalyst shows a very high performance.
The core-shell catalyst samples of TA, TFA and FTA showed a high mechanical resistance in recycling levels compared to the T catalyst. The catalyst sample of FTA had the highest recyclability up to more than 10 times.
In conclusion, the ultimate outcome of this project was synthesis of FTA core-shell photocatalyst with a high mechanical resistance in alkaline media, in conditions at which TiO 2 was practically inactive. Considering the other catalysts, being economically cost effective due to reduced TiO 2 consumption per grams of catalyst and having high mechanical resistance in chemical reactions were the other outcomes of this research.
